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Novozymes in brief

™ Industrial enzymes

Established world business in the 60’s

® Continued World Leader (43% world-wide market share)
Today, one of the world’s largest biotech companies
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® Revenue 2001: ~ $700 million

:'f":E.',!;;; W ® > 600 products based onirecombinant proteins

,4’:‘CJ99 PIGtECNOIogy expertise.
S0 OiEVERNESENIIGRNGID
690 IX&IDISCIENUSTS

Wlore iz 4,000 gelients

’_.

9 fleW orocucts Ir) 't'me IESINIVENEENS




Novozymes
Biotech-based World Leader in Enzymes & Microorganisms

Total enzyme market value 2001: $1.63 Billion
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Net turnover per business area 2001

Total NZ Turnover 2001: $700
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The Triple Bottom Line

Named # 1 on the Dow Jones Sustainability Index, September 2002

Economically
Viable

Environmentally. Spcially

Sound esponsible




Converting Biomass to ethanol

Biomass

pretreatment
Costs at least 10X too much!

Processed

Biomass enzyme hydrolysis

PCS) N




Corn grain versus corn stover: WWhat's the difference?

Corn

72% Starch

Yield = 114 gallons ethanol/dry ton
10% Cellulose/Hemicellulose = 18 Ibs. corn grain/gallon
9% Protein Enzyme usage ~
4.5% Oil

3.5% Other

Corn stover
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Fungal Cellulase: a complex, interacting mix

CBH I: 60 g/
CBH II: 15 g/l
EG: 20 g/

" ®e BG: 2 g/l
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How can Novozymes make enzymes less
ExXpeEnsIve?

*More thermostable enzymes
*Higher specific activity
*Optimization of cellulase enzyme mix
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Biorefining Process Scenarios

Simultaneous Saccharification & (Co-)Fermentation
(SSF): Cellulase

® 7 days hydrolysis/fermentation time at 30°C
® 15 FPU/g cellulose loading Hydrolysate ‘

Yeast
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’ To Distill.

A

Hybrid Hydrolysis & (Co-)Fermentation
(HHF):

Hydrolysate

a

To Distill.

Cellulase

=

S Re) el nelralysis e it 50-65 °C

WO ce\ys fermgnittion/nydrolysis at 37 °C
2R U cellulose loading

o Slogrie nydrolysis occurs during ferrmentation
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How the BioEnergy Project is organized:

Viicroariay,

Proteorrles

Bieiniormatics

Ifjor)

drEVeItlen

NOVOZYIMEes



NREL Data: Celluclast vs. Celluclast Plus

A 2.3-fold cost reduction as of January 2002
Greater than 5-fold as of January 2003
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But economics still look challenging...

Type of liquid fuel Production costs — total Enzyme costs Market ethanol price
net costs (included in total net costs)*
Bioethanol dry $1.00-1.20 /gal ~ $0.05 /gal ~ $1.00 /gal
milling corn
Bioethanol from ~ $6.00-1.80 /gal $5.30-0.25 /gal ~ $1.00 /gal
stover *

*High estimate is at enzyme economy p jor o Bioenergy (NREL) project; low: at 10X improved and optimistic
estimate of new production scen

Note: U.S. tax suosiaIesitorne peireeuim mrllur/ IEVENIEEIESHINEIEENONIE Al /CaST:
$4.00/gallon oif gaseline (IntenneioneNeEeTN CIMIECHNEIOEYVASSESSMENID, REport #3), A.
[nlEEELES it Elccotipft clafepise gaenses to retair sccass to gatre)liin) Jlloollﬂs



Cellulose utilization: A stepwise feasibility/development

Commercial Implementation

Biomass based — cellulose

" ., , (stover, bagasse etc).
Utilize grain fibers like

DDG, CWE, Wheat
fibers. ..

Biorefining —
Ucing higher value:
Products from fivers

fFrom) Stiareh, Sugear:
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Ethanol from cellulose requires progress on multiple fronts...

eCollection Storage of biomass
R|Sk eRobust C5 & C6 organism

e\\\aste stream

¢ 10X lower enzyme cost

eReasonable process economics

s\\orks plant demonstration
*2'nd assessment of overall economy —prod at $1.20 /Gal
efFeasibility study of onsite production

sPoliticall support/subsidies ini place

s[Demonstrate 20x cheaper enzyme
production:

s Process optimization — rendering
$1/gallonirealistic. "

SPo|[tGalNchaNTES -~ liesearch
commitmenits=sudsidies — further secured
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NZ's Role in Enzymes for biomass

® As the world'’s leading enzyme player, Novozymes contributes to
making fiber/biomass-based processes technically and
economically feasible. The cost effectiveness of the enzyme(s) is
the single most important factor for improved feasibility

® As to on-site production or enzymes, Novozymes s of the opinion
that this is a secondary: fiactor contributing to the overall economic
feasibility.

™ The solution ofi other Issues/= SuC
protein, collection loal ulr: pre
fermentationi— must b
enzyme preducen r're
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